tients with a mild TBI and any intracranial blood on a head CT scan to be admitted to an ICU and undergo repeat head CT 12-24 hours after admission. 2, 16 This management plan is an increasing burden on the health care system and creates substantial difficulty in appropriately allocating ICU beds and imaging resources.
Unfortunately, there is no definitive treatment algorithm for these patients in the neurosurgical and/or trauma literature. Several studies have suggested that repeat brain imaging is unnecessary in patients who remain neurologically stable based on a clinical examination. 4, 5, 18, 22 However, authors of other reports state that repeat brain imaging and ICU monitoring is absolutely necessary. 2, 17, 19, 21 Thus, many clinicians feel obligated to admit to an ICU all mild TBI patients with a head CT scan positive for intracranial blood and to obtain repeat imaging studies regardless of the neurological examination and/or brain imaging findings.
The purpose of this study was to determine if there is a subpopulation of mild TBI patients with intracranial blood on the initial head CT scan who do not require either admission to an ICU or mandatory repeat brain imaging.
Methods
A retrospective review of all patients admitted to a Level I trauma center over a 2-year period (January 2007 through December 2008) was performed using the hospital Trauma Registry Database, medical records, and imaging data. The inclusion criteria were as follows: 1) admission GCS score ≥ 13; 2) an isolated head injury with no other injury requiring ICU admission; 3) initial head CT scan positive for any type of ICH; and 4) an initial management plan that was nonoperative. Patients in whom the initial assessment revealed that surgery would be required were excluded from the study. The patients were admitted to an ICU for overnight monitoring and underwent repeat imaging 12-24 hours from the initial head CT. If the patient remained neurologically stable and repeat imaging showed no evidence of brain injury progression, then the patient was transferred to a general neurosurgical hospital bed.
Baseline demographic data included patient age and sex, injury mechanism, initial GCS score, and duration of hospital stay. The prehospital use of aspirin, clopidogrel, and/or warfarin was recorded when the information was available. The transfusion of blood products (for example, packed red blood cells, fresh-frozen plasma, or platelets) was noted, and the type and amount of each product given was recorded. In-hospital incidents identified were cardiac (serum troponin elevation, myocardial infarction, or development of cardiac arrhythmia), respiratory (increasing oxygen requirements, initiation of bilevel positive airway pressure or continuous positive airway pressure, or intubation), and neurological events (decrease in mental status, development of focal neurological deficits, or seizures).
Primary outcomes measured were the occurrence of a neurological or medical decline, the need for neurosurgical intervention, and the GOS score. 9, 13 Neurological decline was defined as an increase in monitoring (remaining in the ICU or transfer back to an ICU) or intervention as a result of a decline in mental status or the development of a neurological deficit attributable to the underlying brain injury. Examples of such declines were the development of a hemiparesis due to an enlarging hemorrhage or an alteration in mental status due to cerebral edema. A seizure was not automatically considered a neurological decline since they can have multiple etiologies. Medical decline was defined as an increase in monitoring or intervention due to cardiac, pulmonary, or renal decline; examples of these were pulmonary embolism, acute renal failure, and congestive heart failure exacerbation. Since this study was retrospective, no strict definitions were used in distinguishing neurological and medical declines, but for each patient, through the compilation of clinical data, we defined these episodes; that is, a decline was categorized as neurological or medical based on a generalized impression obtained through a review of patient clinical data. Neurosurgical interventions included craniotomy, craniectomy, placement of an ICP monitor, and placement of an external ventricular drain.
Head CT Imaging Analysis
Imaging data were analyzed and classified based on the predominant blood distribution found on the initial CT. Data were further categorized based on the Marshall CT classification, 14 Rotterdam score, 12 and volume of ICH (Table 1) . 1, 3, 8 Other imaging variables assessed were the presence and amount of midline shift, patency of cisterns, and presence or absence of mass lesion (volume ≥ 25 ml).
14 Injury progression from the initial CT to the repeat CT was defined as an increase in the Marshall category, an increase in the Rotterdam score, or a 30% increase in ICH volume, as previously described by Alahmadi et al. 1 The CTs were analyzed by the first author (C.W.W.), who was blinded to the patients' clinical courses and outcomes at the time of review.
Data Analysis
The data were analyzed using both univariate and multivariate analyses. Significance was defined as p < 0.05, where p was calculated using the Pearson chi-square test, Fisher exact t-test, or Wilcoxon rank-sum test.
Results
The charts of 1101 patients were reviewed, and 321 of these patients met inclusion criteria for the study. Admission characteristics are listed in Table 2 . There were 188 men (59%) and 133 women (41%). The average age was 57 years with an age range of 18-100 years. All patients had a GCS score of 13-15 on admission, with the majority (267 [83%]) having a GCS score of 15. The most common mechanism of injury was a fall (188 cases [59%]). One hundred twenty-three of the patients (38%) were taking warfarin and/or an antiplatelet medication at the time of admission, and 65 (20%) had undergone transfusion of a blood product. The average ICU and hospital stays were 1.6 and 4.2 days, respectively, with ranges of 1-30 days.
Outcomes Results
Recorded outcomes and hospital events are outlined in Table 3 . Only 4 patients (1%) suffered a neurological decline (Table 4) , which was gradual in all cases, and 4 (1%) had nonemergent neurosurgical intervention (Table  5) . No patient had a rapid or sudden neurological decline due to an enlarging hemorrhage. Most patients were discharged from the hospital with a GOS score of 4 (33 patients [10%]) or 5 (272 patients [85%]). Four patients died while hospitalized, giving the study an overall mortality rate of 1%.
There was a medical decline in 18 patients (6%) owing to a combination of events such as respiratory distress, myocardial infarction, and sepsis (Table 6 ). Twenty-four patients (7%) had a cardiac event, and 12 (4%) had a respiratory event (Table 3) . Both age and the transfusion of blood products were significant predictors of a medical decline (p < 0.01). Outcomes in the 65 patients (20%) with mild TBI who had received any type of transfused blood product (that is, platelets, fresh-frozen plasma, and/ or factor VII) were compared with the outcomes in the 256 nontransfused patients (80%). There was no statistical difference in the rates of neurological decline between trans- fused and nontransfused patients (2% vs 1%, respectively). The rates of medical decline, cardiac events, and respiratory events, however, were all statistically higher among the transfused patients. The odds ratio of having a medical decline after undergoing a blood product transfusion was 12.55 (95% CI 4.3-36.7). For cardiac and respiratory events the odds ratios were 5.6 (95% CI 2.4-13.1) and 8.8 (95% CI 2.6-30.4), respectively. There was significantly higher mortality among the transfused group as compared with the nontransfused group (6% vs 0%, respectively, p < 0.0001, Fisher exact test). A slightly higher rate of brain injury progression was seen on repeat scanning in the transfused patients (13% vs 5%, p = 0.04).
Imaging Results
Three hundred two (94%) of the 321 study patients had both the initial and repeat head CT scans available for review. Initial imaging findings are shown in Table 7 Imaging progression was seen in 19 of 302 patients, representing an overall 6% rate of progression (Table 8 ).
The most common mechanism related to progression was a fall, occurring in 16 of these patients (84%). Twelve patients (63%) were on antiplatelet and/or warfarin therapy. Only 1 patient with imaging progression suffered a neurological decline, whereas 3 patients had an associated medical event.
The only type of ICH found to have a significant rate of progression (53%, p < 0.001) on repeat imaging was a subfrontal/temporal intraparenchymal contusion. Other variables found to be significant predictors of CT progression are as follows (Table 9) : the use of anticoagulation, an age 65 years or older, and an ICH volume > 10 ml. On univariate analysis, age, anticoagulation, and midline shift were each independently associated with progression risk. However, when multivariate analysis was performed, only an ICH volume > 10 ml was independently associated with the risk of hemorrhagic progression. Patients with a hemorrhage volume > 10 ml were 20.13 times more likely to have progression on head CT.
Surgical Intervention
Neurological declines and surgical interventions are detailed in Tables 4 and 5 , respectively. Information regarding medical declines is featured in Table 6 . These groups are not mutually exclusive, and the specific cross-references are made for each patient. Below we provide specific details for the patients who underwent a craniectomy or craniotomy.
Surgical Intervention Case 1/Neurological Decline Case 4/Medical Decline Case 5.
A 51-year-old man in whom a recent diagnosis of multiple myeloma had been made at another medical center presented to our emergency department after an assault. His arrival GCS score was 14. Initial imaging demonstrated a large (140-ml volume) right temporal lobe contusion with 8 mm of midline shift (Marshall Category VI, Rotterdam Score 6). Surgical intervention was strongly considered at the time of admission, but given uncertainties about the patient's current medical status, recent medical history, and good neurological condition, initial nonoperative management was chosen. Eighteen hours after admission the patient's condition declined to a GCS score of 13, and osmotic therapy was begun. The hematoma had enlarged further according to repeat brain imaging, and a left hemiparesis gradually developed. A repeat head CT scan showed increased midline shift of 13 mm and increased volume (179 ml) of the right temporal lobe contusion. The patient was taken to the operating room on hospital Day 2 for a decompressive craniectomy and evacuation of the brain contusion. Postoperatively the patient had acute renal failure, pneumonia, and sepsis. The family elected to withdraw care, and the patient died from multisystem failure on hospital Day 21.
Surgical Intervention Case 2.
An 85-year-old woman with a history of colon cancer was admitted to the neurosurgical ICU after a fall. Her arrival GCS score was 14 (neurological baseline). The first head CT scan 3.5 hours after injury demonstrated a small parafalcine SDH (1-ml volume; Marshall Category II, Rotterdam Score 3). The patient was monitored overnight and remained neurologically stable. On a repeat head CT scan obtained approximately 15 hours after the fall, a new 44-ml right temporal lobe contusion (Marshall Category VI, Rotterdam Score 3) was found with no associated midline shift. There was no decline in the patient's neurological status. A craniotomy for hematoma evacuation was performed on hospital Day 2 given concerns about possible continued enlargement of the temporal lobe contusion. The patient was discharged to a rehabilitation facility on hospital Day 14 with a GOS score of 4.
Surgical Intervention Case 3/Medical Decline Case 18.
A 73-year-old man on aspirin and clopidogrel fell after slipping on an ice-covered sidewalk. He presented to the emergency department neurologically intact with a 99-ml right frontal acute SDH (Marshall Category VI, Rotterdam Score 3). The patient was transfused with platelets, was admitted to the ICU, and underwent repeat brain imaging. After being transferred to a general neurosurgical floor on hospital Day 2, he experienced seizure activity later in the day and was returned to the ICU. Recurrent seizures were attributed to the right frontal SDH, which was unchanged in size on repeat CT. A craniotomy was performed on hospital Day 6 for SDH evacuation in an attempt to control the seizures. Following surgery, the patient was lethargic.
A postoperative head CT scan demonstrated a large right frontal IPH. The patient was emergently taken back to the operating room for hematoma evacuation. Postoperatively the patient suffered respiratory distress and left hemiplegia. He ultimately required a tracheostomy and gastrostomy tube and was discharged to a nursing facility on hospital Day 23 with GOS score of 3.
Discussion
This study is one of the largest focusing entirely on mild TBI with an abnormal head CT scan. The rates of neurological decline and surgical intervention among the patients were substantially lower than those previously reported in the literature. The neurological declines occurred gradually, and only 1 patient had a neurological decline in the first 24 hours after hospital admission. No patient required emergent surgical intervention, and most patients had a good outcome. The very low rates of neurological decline and surgical intervention that we found, as compared with those in other studies, may be partially related to the characteristics of the patients included in this study. Only 19% of the patients suffered a high-impact injury, and 41% were 65 years of age or older. However, no patient with a potential high-impact injury, such as a motor vehicle accident, had a neurological decline or surgical intervention. Also influencing the makeup of our patient population was the exclusion of injuries in which operative intervention was planned as the initial management strategy, for example, cases of mild TBI with a temporal region epidural hematoma.
A more common finding among our patients was a medical decline. There was a strong connection between the need for transfusion of blood products for the reversal of anticoagulation and the development of a medical decline. This finding does not mean that all transfusions should be stopped. One study has shown a significant improvement in mortality (10% vs 48%) with the reversal of warfarin therapy in patients with TBI and ICH.
10 However, our data support the need for future prospective randomized studies assessing the risk-benefit ratio of rapidly reversing anticoagulation therapy in patients who were neurologically intact with small ICHs.
Only 2 studies have attempted to determine the need for ICU admission in patients with mild TBI. Both reports are missing many details needed to validate their conclusions on this issue. The first, a retrospective analysis of 207 patients with mild TBI (GCS Scores 14-15), found worsening conditions on neurological examination or brain imaging in 28% of the patients.
2 Neurosurgical intervention was performed in 18 patients (8.7%), with ICP monitors placed in 6 patients and craniotomies done in 12 patients. Five craniotomies were performed in asymptomatic patients with SDHs because of worsening conditions according to brain imaging. The authors concluded that ICU monitoring and repeat brain imaging are required in patients with mild TBI and an abnormal admission head CT. Note, however, that the number of patients whose brain images indicated worsening but who exhibited no neurological change as well as the time course of neurological deteriorations were not outlined in this report. A retrospective study of 320 patients with TBI and traumatic ICH defined the need for ICU admission by dividing the patients into high-risk and low-risk groups based on the presence or absence of a critical care intervention, as defined by the Task Force of the American College of Critical Care Medicine guidelines for ICU admission, 7 prior to hospital admission. 16 The neurological status of the patients was not a factor in deciding cohort categorization. Ninety-seven percent of the 187 patients in the low-risk group had a mild TBI (GCS Score [13] [14] [15] . No patient in the low-risk group had a neurological decline or needed neurosurgical intervention because of worsening traumatic ICH. However, there were 39 patients with mild TBI among the 133 patients assigned to the highrisk group. No details about the hospital course of these patients are given in that report.
Multiple authors have addressed the need for repeat brain imaging in patients with TBI and ICH. Several studies have suggested that repeat imaging is unnecessary in patients who remain neurologically stable according to clinical examination, 4, 5, 18, 22 whereas others have indicated that repeat imaging is absolutely necessary, regardless of the neurological examination. 2, 17, 19, 21 A literature review on the utility of repeat head CT scans following TBI evaluated 30 studies covering all severity levels of brain injury. 23 Progression of brain injury was reported in 8%-67% of patients, and neurosurgical intervention was required in 0%-54% of these patients. The authors found that the indications for routine repeat head CT in patients with TBI were unclear and that studies stratifying patients by severity of TBI were needed.
The most convincing data suggesting that routine repeat brain imaging is unnecessary in patients with mild TBI came from a retrospective review of 179 patients with a GCS score of 13-15.
22 Injury progression based on brain imaging was seen in 21% of these patients, but only 4% of the 179 patients required neurosurgical intervention, and in these 4%, neurological deterioration preceded repeat imaging. It was concluded that routine repeat imaging is unnecessary in the absence of neurological decline, since its use does not lead to changes in management. A similar conclusion about the need for repeat brain imaging in patients with mild TBI and a stable or improving neurological examination has been reported by other investigators. 4, 5, 18 In these reports, no mild TBI patients with a stable neurological examination required neurosurgical intervention, including those with a worsening injury on a repeat CT.
Other studies have reached a different conclusion about the need for routine repeat brain imaging in patients with TBI. A retrospective analysis of 457 patients with mild TBI (GCS Score 13-15) revealed that 2% required neurosurgical intervention, either placement of an ICP monitor or a craniotomy, based on worse repeat brain images, and that 2% required neurosurgical intervention according to a worse neurological examination.
21
No details of the time course of the neurological deteriorations were given in this report. In a structured literature review 19 used to perform a cost analysis of repeat imaging versus expectant watching in patients with mild TBI, the authors found that routine repeat brain imaging was slightly more effective than an expectant watching strategy in younger patients. Waiting for clinical deterioration in patients with mild TBI whose first head CT scan had revealed intracranial injury was not cost-effective as compared with obtaining routine follow-up head CT scans, especially in younger patients, although the difference was not statistically significant. The cost-effectiveness of this strategy declined exponentially as patient age increased. Note, however, that the literature reports used to justify the improvement in costs related to repeat imaging featured patients with epidural hematomas.
Determining the necessity for repeat imaging based on current literature is difficult since most studies review TBI across all severities including operative and nonoperative lesions. 4, 5, 11, 17, 19, 21 Again, we want to note that all patients in the current study presented in good neurological condition without the need for operative intervention. However, data demonstrating the need for repeat imaging in patients with more severe TBI do exist.
5,11,21
A GCS score < 15, 22 an age > 65 years, 22 a largervolume ICH, 15 and an initial abnormal head CT obtained within 3.5 hours from the time of the injury 15 are factors that have correlated with an increased risk of injury progression on repeat brain imaging. We were able to confirm several of these factors and identify others in patients with mild TBI (Table 9 ). We established several findings useful in treating patients with mild TBI and an abnormal head CT: a lack of injury progression on images in patients with convexity SAH, small convexity contusions (≤ 10 ml), and small acute SDHs (≤ 10 ml). The low risk of enlargement of small traumatic ICHs (≤ 10 ml) corresponds with the finding in a recent report that TBI patients with ICH volumes ≤ 14 ml did not progress to a size requiring hematoma evacuation.
1 Since our data were collected retrospectively, we were unable to make any conclusions about the relationship between injury progression and the timing of repeat brain imaging studies. In the setting of mild TBI, the Marshall classification and Rotterdam score do not accurately predict mortality. Most of our patients presented with a Marshall Category II (85%) or Rotterdam Score 3 (51%). Previously published mortalities for these groups-that is, those with Marshall Category II and those with Rotterdam Score 3-were 11% and 16%, respectively, 12,14 compared with our 1% mortality rate. This discrepancy suggests that these scales may not be valid for triaging patients with mild TBI.
Intensive care unit monitoring and repeat brain imaging are not necessary in all patients with mild TBI and intracranial blood in whom the initial treatment plan is observation. Our findings lay the groundwork for the development of a stratification scheme to guide which patients need ICU monitoring and/or repeat brain imaging. We are evaluating a new practice management scheme for mild TBI patients with an abnormal head CT. Patients with a convexity SAH, small convexity contusions, small IPHs, and/or small SDHs no longer require admission to an ICU. They also no longer undergo repeat imaging in the absence of a neurological decline. However, we continue to closely monitor in an ICU those patients with subfrontal/temporal intraparenchymal contusions > 10 ml and patients receiving warfarin for anticoagulation. Several patients in our study had a delayed (> 72 hours) medical or neurological decline as a result of hyponatremia. The serum sodium level of mild TBI patients with an abnormal head CT scan should be closely monitored, both inside and outside an ICU setting.
There are limitations to our data-retrospective, single center study, limited clinical data-as well as the data in the literature. For this reason there can never be an absolute management scheme for mild TBI patients with intracranial blood that would account for all situations. Physicians must still rely on their clinical intuition and knowledge to guide their decisions.
